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(54) PLASMA DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce unevenness in 
large size film formation, ion damage, increase of fixed 
charge in an insutating film, and the like by impressing 
high- frequency voltage different in polarity each other 
with a discharge electrode comprising plural electrodes 
facing holizontally to a substrate stage so as to generate 
discharge laterally. 

SOLUTION: A glass substrate 6 is mounted on a 
substrate heating stage 7 to be fitted via a substrate 
fixing plate 8. A discharge elecbode with plural 
electrodes 1, 2 fixed to an insulating plate 3 is arranged 
facing in parallel to the stage 7. The electrodes 1, 2 are 
preferably composed of Mg, Al, or their alloy, and have a 
cross-sectional shape of triangle, trapezoid, semicircle, 
T-shape, or the like. In this plasma generator, reaction 
gas fed from an injection port 4 drilled to the insulating 
plate 3 in the intermediate position between the 
electrodes 1, 2 through a homogeneously diffusing plate 
5 is introduced into a chamber. Two- or three-phase 

high-frequency voltage is impressed thereafter, and lateral-directional discharge is generated 
between the odd group electrode 1 and the even group electrode 2 as mutually different 
electrodes to form the reaction gas into plasma. 
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CLAIMS 



[Ciaim(s)] 

[Claim 1]In a plasma generator which comprises a discharge electrode which has 
countered at a level with a stage which carries a glass substrate, and said stage, A 
plasma generator, wherein said discharge electrode comprises two or more electrodes, 
polar different high frequency voltage is mutually impressed to each electrode, it 
forms a level transverse electric field to a stage and lateral discharge arises. 
[Claim 2]A plasma generator characterized by structure which provides a hole or a slit 
in the 1st paragraph of a range of an application for patent between a discharge 
electrode and a discharge electrode which are separated, sends reactant gas in a 
reaction chamber and is crowded from here. 

[Claim 3]a claim — a plasma generator it is alike, respectively, connecting two or more 
discharge electrodes separated by turns in the 2nd paragraph, dividing into two groups, 
impressing high frequency voltage of two phases and carrying out horizontal discharge 
[Claim 4] a claim — a plasma generator it is alike, respectively, connecting two or more 
discharge electrodes separated by turns in the 2nd paragraph, dividing into three 
groups, impressing high frequency voltage of a three phase circuit, and carrying out 
horizontal discharge. 

[Claim 5]A plasma generator which vertical discharge is carried out to a glass 
substrate, or it is made to separate into two or more electrode groups, and transverse 
direction discharge is produced [ two or more separate electrodes are connected 
electrically, ] in the 2nd paragraph of a range of an application for patent, and can 
switch discharge mode to a stage. 

[Claim 6]A plasma generator characterized by structure which has been buried and 
crowded in the 2nd paragraph of a range of an application for patent in an insulator 
with which two or more discharge electrodes are fixing an electrode, sends reactant 
gas into a reaction chamber and is crowded from a hole between electrodes. 
[Claim 7]In a plasma generator which comprises a discharge electrode which has 
countered at a level with a stage which carries a glass substrate, and said stage, A 
plasma generator, wherein said discharge electrode serves as honeycomb shape, and 
it impresses high frequency voltage to this honeycomb electrode, it generates an 
electric field in the vertical direction to a stage and discharge of a lengthwise direction 
arises. 

[Claim 8]A plasma generator characterized by structure which a reactant gas 
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injection hole is located in a hole of a honeycomb electrode, and sends reactant gas 
into a reaction chamber and is crowded from this reactant gas injection hole in the 7th 
paragraph of a range of an application for patent. 

[Claim 9]A plasma generator characterized by the depth of a hole of a honeycomb 
electrode being larger than a path of an opening of a honeycomb electrode in the 7th 
paragraph of a range of an application for patent. 

[Claim 10]A plasma generator being able to impress DC voltage of plus or minus to a 
stage which has carried a glass substrate in the 2nd paragraph of a range of an 
application for patent, or being able to impress high frequency voltage which DC-bias 
voltage required. 

[Claim 11]A stage which the surface of a stage on which a glass substrate is put 
serves as honeycomb shape, and a pin of a lifter which lifts a glass substrate comes 
out from a hole of a honeycomb, and is characterized by glass substrate support 

[Claim 1 2]A plasma generator being an alloy which makes a subject an alloy in which a 
discharge electrode material used for the 1st paragraph of a range of an application 
for patent and the 7th paragraph makes magnesium and magnesium a subject or 
aluminum, and aluminum. 

[Claim 13] A plasma generator of structure which pasted together a honeycomb 
screening electrode of the same shape as a honeycomb discharge electrode with an 
insulating spacer in the 7th paragraph of a range of an application for patent. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]It can be related with the plasma CVD device, dry etching 
system, and plasma ashing device which are used when manufacturing an 
active-matrix liquid crystal panel, and this invention can be applied to . especially 
applicable to a super-large sized substrate, and others also like the LSI process of 
using a Si wafer. 
[0002] 

[Description of the Prior Art]The stage which carries a glass substrate, and its stage 
were countered, and the discharge electrode is arranged. The discharge electrode was 
unified, many holes were made on the surface of the electrode, and the space of . 
glass substrate and the discharge electrode which make reactant gas emit and 
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discharge from the hole has usually opened not less than 20 mm. 
[0003] 

[Problem(s) to be Solved by the Invention]If discharge-gas-pressure power is made 
high with the plasma generator of the conventional parallel plate type unification 
discharge electrode structure and space of a discharge electrode and a stage will not 
be made small by the principle of PATTSUEN, firing potential and 
maintaining-a-discharge voltage will become very high. If firing potential becomes high, 
when discharge will start, on a stage, it becomes easy to give a discharge damage to 
the glass substrate side, and the characteristic of a thin film amorphous transistor 
element will be reduced remarkably. In the plasma generator of the further 
conventional parallel plate type unification discharge electrode structure, when the 
discharge electrode was enlarged with enlargement of a glass substrate, it became 
difficult to deposit an amorphous Si thin film on a glass substrate uniformly, and 
uniform deposition is realized towards making discharge-gas-pressure power low. If 
discharge-gas-pressure power becomes low, the rate of sedimentation will also 
become low and the problem that a throughput falls will occur. Since the distance of 
the mean free path of the ion in plasma will become long, the kinetic energy of ion will 
become large and a damage will be given to a glass substrate if 
discharge-gas-pressure power is made low, it is in the tendency for membraneous 
quality to deteriorate. When the method of enlarging frequency of the high frequency 
of discharge is also possible in order to raise the rate of sedimentation, but using for a 
large sized substrate, the cost of a power supply becomes large and the design of a 
device also becomes difficult. When discharge power was furthermore enlarged, in the 
conventional case, the arcing phenomenon occurred in the injection hole of gas, and 
the problems by which a discharge electrode is destroyed were also occurring 
frequently. 

[0004]The place which the plasma generator of this invention solves the 
above-mentioned technical problem, and is made into the purpose, By reducing 
increase etc. of the heterogeneity of the membrane formation which poses a problem, 
the ion damage of the interface of a thin film transistor, and the fixed electric charge 
in the insulator layer by high speed film formation, when enlarging a glass substrate. 
The characteristic of a thin film transistor is improved and it is in the thing which used 
the super-large sized glass substrate and for which a large-sized liquid crystal display 
is overly realized. 
[0005] 

[Means for Solving the Problem]Said conventional technical problem is solved, and the 
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following means are taken in order to attain the purpose. 

[Means 1] In a plasma generator which comprises a discharge electrode which has 
countered at a level with a stage which carries a glass substrate, and said stage, Said 
discharge electrode is constituted from two or more electrodes, polar different high 
frequency voltage is mutually impressed to each electrode, a level transverse electric 
field is generated to a stage, and it was made for lateral discharge to arise. 
[0006][Means 2] A hole and a slit was provided between ** of a discharge electrode 
and a discharge electrode which are separated, and reactant gas is sent in a reaction 
chamber and it was made to be crowded from this portion in the means 1 . 
[0007][Means 3] Two or more discharge electrodes separated, respectively were 
connected by turns, it divided into two groups, high frequency voltage of two phases 
from which a phase differs in each group was impressed, and it was made to discharge 
in the level direction to a stage in the means 2. 

[0008] [Means 4] Two or more discharge electrodes separated, respectively were 
connected by turns, it divided into three groups, high frequency voltage of a three 
phase circuit from which a phase differs in each group was impressed, and it was made 
to discharge in the level direction to a stage in the means 2. 

[0009] [Means' 5] Make two or more discharge electrodes of all separated, respectively 
connect electrically in the means 2, and high frequency voltage in phase is impressed, 
Vertical vertical discharge was generated to a stage, or it separated into two or more 
electrode groups electrically, generating **** of the horizontal horizontal discharge 
was carried out to a stage, and it carried out as [ be / switching discharge mode to a 
stage / possible ]. 

[0010] [Means 6] In the means 2, a discharge electrode divided into plurality buries and 
is full in an insulator which is fixing an electrode, and it was considered as structure 
which sends reactant gas in a reaction chamber and is crowded from a hole and a slit 
between electrodes. 

[001 1][Means 7] In a plasma generator which comprises a discharge electrode which 
has countered at a level with a stage which carries a glass substrate, and said stage, 
Said discharge electrode serves as honeycomb shape, high frequency voltage is 
impressed to this honeycomb electrode, an electric field is generated in the vertical 
direction to a stage, and it was made for discharge of a lengthwise direction to arise. 
[0012][Means 8] In the means 7, a reactant gas injection hole is for a hole of a 
honeycomb electrode to set, and it was considered as structure which sends reactant 
gas in a reaction chamber and is crowded from this reactant gas injection hole. 
[0013][Means 9] In the means 7, it was considered as structure where the depth of a 
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hole of a honeycomb electrode is larger than a path of an opening of a honeycomb 
electrode. (Surface area of an electrode was enlarged.) 

[0014][Means 10] DC voltage of plus or minus could be impressed to a stage which 
has carried a glass substrate, and it enabled it to impress high frequency voltage 
which DC-bias voltage required in the means 2. 

[0015][Means 11] The surface of a stage on which a glass substrate is put had 
become honeycomb shape, and a pin of a lifter which lifts a glass substrate comes out 
from a hole of a honeycomb, and supported a glass substrate. 

[0016][Means 12] An alloy which makes a subject an alloy which makes magnesium 
and magnesium a subject or aluminum, and aluminum was used for a discharge 
electrode material used for the means 1 and the means 7. 

[0017][Means 13] In the means 7, it was considered as structure which pasted 
together a honeycomb screening electrode of the same shape as a honeycomb 
discharge electrode through an insulating spacer. 
[0018] 

[Function]A discharge electrode is divided into plurality and discharge horizontal to a 
stage is produced by impressing the high frequency voltage from which a phase differs 
in each. In this transverse direction discharge, to the glass substrate on a stage, the 
time of forming the interface of the gate dielectric film which governs most the 
characteristic of . thin film transistor that a discharge damage decreases sharply since 
ion and an electron fall and it does not pour, and a semiconductor layer — an 
interface — a discharge damage — **** — there is nothing — making — things are 
important. After a gate electrode is in the lower part and deposits gate dielectric film, 
the reverse stagger type thin film transistor which deposits a semiconductor layer 
(non-doped a-Si layer) is in use because the discharge damage at the time of this 
interface formation is made small. When depositing a semiconductor layer, discharge 
power density is lower than discharge power density when depositing gate dielectric 
film by four to about [ per /] 1/10. making discharge power density small — an 
interface — a damage — **** — ** which there is not and is making. A glass 
substrate and a perpendicular direction are made to impress an electric field between 
a discharge electrode and a glass substrate, and the lengthwise direction is made to 
produce discharge in a conventional parallel plate type plasma CVD device. Even if it 
makes discharge power density small in this type of plasma CVD device, it is 
impossible to lose a discharge damage theoretically. Therefore, in order to reduce a 
discharge damage, it is necessary to make the mean free path of ion small, and the 
higher possible one of discharge-gas-pressure power is good, however, the moment 
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firing potential will become high if discharge gas pressure is high, and discharge begins 
— an interface — a damage — **** . When discharge gas pressure is still higher, 
discharge inclines toward the edge part of a discharge electrode, and it becomes 
impossible to obtain uniform thickness and membraneous quality. 
[0019]Since the space of a discharge electrode and a discharge electrode can be 10 
mm or less if transverse direction discharge of this invention is used, even if it makes 
gas pressure high, discharge-starting pressure does not become high and does not 
produce the heterogeneity of discharge, either, Since it is transverse direction 
discharge even if it makes gas pressure small, a discharge damage cannot be 
theoretically obtained to a glass substrate.lt is possible to find the high-speed 
deposition conditions which dust does not generate, without worsening the 
characteristic of a thin film transistor, since the range of a discharging condition 
becomes very large. 

[0020]The weight of the discharge electrode in which a glass substrate becomes a 
size like meter size also becomes a problem. There is board thickness of the discharge 
electrode of the conventional PCVD not less than 20 mm, and exchange of an 
electrode is also dramatically serious. The honeycomb electrode of this invention can 
reduce weight to conventional 1 / 3 - 1/4. Cost can also be reduced to about 
[ conventional ] 1/3. Since the depth of a hole can be made deeper than the 
conventional parallel plate electrodes, discharge surface area is expandable. Since the 
potential drop near a discharge electrode can be reduced by this, a plasma reaction 
can be prevented from concentrating on the discharge electrode side. Therefore, 
generating of dust or particle can be reduced rather than the conventional electrode. 
Abnormal discharge is lost. 

[0021]In order to make it improve with a throughput and to raise productivity, the 
method of raising the frequency of high frequency voltage twice over the past and 3 
times is proposed, but as a glass substrate becomes large, since the capacity of an 
electrode becomes large and the surface resistance of an electrode also becomes 
large, a device design becomes very more difficult. In the case of this invention, since 
a plasma damage can be reduced in transverse direction discharge, in enlargement, 
examination in the direction which lowers discharge frequency is conversely possible. 
When discharge frequency is lowered, the design of an RF generator also becomes 
easy and stability's of discharge of a PCVD device improves. 

[0022]Since lengthwise direction discharge has arisen between the discharge 
electrode and the stage even if it changes the potential of the stage which carried the 
glass substrate in the conventional parallel plate type plasma device, Although surface 
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potential of the glass substrate was not able to be controlled, in the plasma generator 
of this invention. Since it produces between the discharge electrode and discharge 
electrode which, were divided into plurality, discharge becomes possible [ controlling 
the potential on the surface of a glass substrate by changing the potential of the stage 
which carried the glass substrate ]. Since the polarity of the fixed electric charge 
taken in into a film and the number of fixed electric charges can be controlled when 
this deposits an insulator layer, the membraneous quality of an insulator layer is 
substantially improvable. Since it becomes easy to carry out control of membranous 
stress, the yield can also improve. 
[0023] 

[Example][Example 1] Drawing 1, drawing 3 , drawing 4 , drawing 5 , drawing 7 , drawing 8 , 
drawing 9, drawing 10 , drawing 22 , and drawing 23 are a sectional view of the discharge 
electrode for carrying out horizontal discharge horizontally to the glass substrate of 
this invention, and a top view. The section of the discharge electrode divided into two 
groups can consider the thing of various shape, such as a triangle, a trapezoid and 
semicircular shapes, and T type. Construction material is carrying out anodizing of the 
surface using the alloy of aluminum or aluminum. It is being fixed to the electric 
insulating plate with which the hole of the reactant gas injection hole opened, and 
these discharge electrodes impress high frequency voltage to the electrode of two 
groups like drawing 2 , and generate transverse direction discharge. 
[0024]A discharge electrode can be made to be able to divide into three groups like 
drawing 17 , and the three phase high frequency voltage from which the phase of 1 20 
degrees shifted to each can be impressed. As shown not only in a sine wave form but 
in drawing 18 , a rectangular waveform may be sufficient as an 
impressed-electromotive-force waveform. The sine wave form which required 
abnormal conditions as shown in drawing 19 , or a square wave may be sufficient. 
[0025]It is the shield plate 20 so that discharge may not have the surroundings top in 
the back side of the electric insulating plate which is fixing the discharge electrode to 
drawing 7 or drawing 8. ******** gas diffusion screening electrode 21 It is installing. 
In drawing 10, some discharge electrodes near a gas emission opening are circularly 
shaved off so that an electric field strong against the portion of the injection hole of 
gas may not be built. Drawing 23 has **** beam structure from the discharge 
electrode in the reactant gas injection hole. 

[0026] Drawing 6 has structure which buried the discharge electrode in the electric 
insulating plate, and was crowded. In this structure, since all the inner surfaces of a 
reaction chamber can be covered with ceramics, it becomes difficult to produce 
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peeling of a deposited film. 

[0027] [Example 2] Drawing 12 , drawing 14 , drawing 16 , drawing 24 , drawing 26 , and 
drawing 27 are the sectional views of a plasma generator and the top views of a 
honeycomb discharge electrode which used the honeycomb discharge electrode of 
this invention. What anodized the aluminum containing alloy which has not less than 25 
mm of board thickness as shown in drawing 1 1 was being used for the conventional 
plasma generator. When the discharge electrode of meter size was built with the 
conventional structure, weight became very heavy and had become a problem at the 
time of a maintenance. Since it was one-piece one drilling process by a drill in the 
further conventional case, the manufacturing cost also became very expensive. By 
installing a ground electrode near the honeycomb discharge electrode like . drawing 1 5 
which is that it is large and that can reduce weight to conventional 1 / 3 - 1/4 if the 
honeycomb electrode of this invention is used, and cost can also be reduced, drawing 
18 , and drawing 26. The discharge stable even if it made reagent-gas-pressure power 
high is uniformly maintainable all over a discharge electrode. In the case of drawing 16 , 
it is the insulating spacer 1 7. Discharge concentrates on the portion of ** gas 
emission opening **, and straitness ****** arises. 17Since it is ******** ceramics, it 
does not dissolve. Since the surface area of a honeycomb electrode is larger than the 
conventional discharge electrode, cathode drop voltage also becomes small and 
generation of heat of an electrode also becomes small. The opening diameter a of a 
honeycomb It is made smaller than an electronic mean free path, and is depth [ of a 
hole ] b. aThe electron density in the hole of a honeycomb electrode can be raised by 
enlarging a twist. . it becomes possible by using construction material of a honeycomb 
electrode as the oxide of magnesium or a Magnesium alloy to act as Kougami of the 
electron density further — ionization and radical formation of reactant gas can be 
remarkably increased now by this. In deposition, the rate of sedimentation can be 
improved, and an etch rate can be improved when it is dry etching. In the case of 
ashing, speed of ashing can be carried out early. 

[0028]The honeycomb electrode of this invention can carry out injection molding 
using the CHIKUSO molding method, when using a Magnesium alloy. In this case, cost 
can be fallen remarkably. The CHIKUSO molding method can be used also for 
manufacture of a honeycomb stage. Since it is light, thickness can be made thin and 
accuracy can be improved, it is a manufacturing method suitable for making the 
honeycomb board of a large area. 

[0029][Example 3] Drawing 20 and drawing 21 are the top views and sectional views of 
a stage of this invention. [ of honeycomb structure ] since the touch area with a glass 
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substrate is small, generating of static electricity when lifting a glass substrate 
becomes empty dramatically — there is nothing and it ends. Even if a glass substrate 
becomes large, it is not necessary to raise with the edge part of a glass substrate. 
Since the pin of a lifter can be installed now in the lost point as for which the 
deflection of a glass substrate becomes empty most, destruction of a glass substrate, 
etc. stop arising. Since stress stops applying to a glass substrate, it stops also 
generating an open circuit of the wiring formed in the glass substrate. N 2 gas is passed 
using the hole of a lifter pin, and bush ****** becomes possible about the vacuum 
absorption of a glass substrate. The stage of the honeycomb shape which can expect 
effects more nearly various as a glass substrate becomes large is available also as an 
object for the stages of stoving devices, such as not only the object for the stages of 
vacuum devices but a hot plate used in the atmosphere. 
[0030] 

[Effect of the Invention]The thin film transistor of the outstanding characteristic as 
for which an interface damage becomes empty and which is not can be formed by 
using the plasma CVD device of the transverse direction discharge electrode method 
of this invention. Since W/L of a thin film transistor can be small designed when using 
for a liquid crystal panel by improvement in electron mobility, a numerical aperture can 
be improved and a bright liquid crystal panel can be made. Since influence by the gate 
electrode of picture element electrode potential can be made small, that W/L can 
furthermore be made small can reduce the problem of an afterimage. 
[0031]When depositing an insulator layer using a horizontal discharge type plasma 
CVD device furthermore, since the plasma potential of a glass substrate is freely 
controllable, the amount of fixed electric charges in an insulator layer can be reduced. 
Thereby, it can act as Kougami of the reliability of the thin film transistor 
characteristic substantially. 

[0032]The transverse direction discharge device of this invention can be applied not 
only to a plasma CVD device but to a plasma dry etching system, a plasma ashing 
device, etc., can be used not only for a glass substrate but for a Si single crystal 
substrate, and is a very large device of an application range. 

[0033]It becomes easy to carry out maintenance work of the plasma device for 
super-large sized glass substrates by using the honeycomb discharge electrode of 
this invention, and it becomes possible to reduce the cost of a discharge electrode. . 
which can realize high-speed deposition and can also reduce an interface damage 
since discharge . spreads in the whole electrode even if it makes 
discharge-gas-pressure power high by installing a ground electrode near the 
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honeycomb discharge electrode — thereby, productivity improves. 
[0034] Generating of static electricity can decrease substantially by using the 
honeycomb stage of this invention at the time of the lift rise of a super-large sized 
glass substrate, and breakage of a glass substrate decreases. Since distortion of a 
glass substrate is able to install a lifter pin in the portion which becomes the smallest, 
the alloy of a . stainless steel system as which an aluminum alloy or a Magnesium alloy 
may be sufficient may be sufficient as the construction material of . honeycomb stage 
on which an open circuit of the circuit pattern on a glass substrate also decreases 
sharply. The insulating material of ceramics may be sufficient. Although honeycomb 
shape is made into the special feature in this invention, the effect is the same also in 
the shape of stripe shape. Although it is easy to give the function of vacuum 
absorption in honeycomb shape, since it is hard to give the function of vacuum 
absorption in stripe shape, it is good to change into slot type shape. A large cost cut is 
attained that it is easy to make when the direction of stripe shape makes using the 
CHIKUSO mold method. 
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